The family Halomonadaceae belongs to the class Gammaproteobacteria. It comprises seven genera: Carnimonas, Chromohalobacter, Cobetia, Halomonas, Zymobacter, Modicisalibacter (Ben Ali Gam et al., 2007) and Halotalea which accommodate halophilic, halotolerant and non-halophilic bacteria (Arahal et al., 2002; Franzmann et al., 1988) . Halomonas is the largest genus in this family with Halomonas elongata as the type species (Vreeland et al., 1980) . At the time of writing, this genus included 52 recognized species, most of which were isolated from saline environments. Some of these species have been recognized as having potential applications in biotechnology, e.g. for the production of compatible solutes or hydrolytic enzymes (Arias et al., 2003; Calvo et al., 1998; García et al., 2004; Margesin & Schinner, 2001; Martínez-Checa et al., 2002; Ventosa & Nieto, 1995) .
Phylogenetic analysis based on the 16S and 23S rRNA gene sequences and phenotypic studies have indicated that this genus is highly heterogeneous and the genus has been divided into at least two large phylogenetic groups (Arahal et al., 2002; Franzmann & Tindall, 1990; Mata et al., 2002) . Further evidence of the highly heterogeneous nature of the genus Halomonas is the unusually wide DNA G+C range, of about 52-68 mol% (Arahal et al., 2002) . Halomonas ventosae has been reported to have a DNA G+C content of 74.3 mol% (Martínez-Cánovas et al., 2004) .
Nitrogen is one of the major factors that cause eutrophication of water bodies. Eutrophication can cause serious ecological disruption and secondary pollution of water bodies. The nitrogen that causes eutrophication of water bodies is derived mainly from wastes produced by industrial and agricultural activities, as well as everyday activities. In order to prevent nitrogen eutrophication, a key process is prior denitrification. At present, microbially mediated coupled nitrification-denitrification can effectively remove nitrogen from water bodies (biodenitrification) and is increasingly becoming a key technology in the biotreatment and bioremediation of polluted water (Cema et al., 2007; Ju et al., 2007; Sundberg et al., 2007) . Since many of the wastes mentioned above are often saline with very different total salt contents (for example, saline waste water produced by industrial activities often contains a high concentration of total salts), there is a need to find novel bacteria that can tolerate a wide range of salt concentrations and possess high denitrification activity.
Recently a group of five bacterial strains, designated XK1 T , XK2, XK3, XK4 and XK5, characterized by their strong denitrifying activity, wide range of salt concentrations (0.5-25 %, w/v), pH (6.0-10) and temperatures (4-43 u C) for growth was isolated from a saline and alkaline soil in Korla, north-western China. The sample was taken from the dry bed of a seasonal low wetland (longitude 86 u 099 480, latitude 41u 469 460, altitude 970 m) which is often saturated by irrigated water (containing nitrogen) from upriver farmland. When the bed of the wetland dried out due to evaporation, a thick layer of salt crust formed. A piece of the salt crust and a portion of the clay under the crust were used as samples for bacterial isolation.
The medium used for the isolation and maintenance of bacteria was modified MH complex medium (Ventosa et al., 1982, without glucose) supplemented with a balanced mixture of artificial sea salts as described by Subov (1931) to give adequate salts for the growth of halophilic strains. This medium contained (l 21 ); 10 g yeast extract and 5 g proteose peptone and was supplemented with 7.5 % (w/v) of a balanced mixture of artificial sea salts. The pH was adjusted to 8.0 with 3 M NaOH. The medium was solidified with 15 g l 21 agar. Soil samples were serially diluted tenfold with 7.5 % (w/v) sea salt solution and the dilutions were spread on MH plates and incubated at 30 u C for 4 days. Single colonies were then picked out and purified further by using the quadrant streak plate method. Each isolate was then subjected to denitrifying tests.
Denitrification was tested by growing the cells anaerobically in the presence of nitrate (Zumft, 1992) . The medium used for the denitrifying tests was liquid MH medium with the addition of 1 % (w/v) potassium nitrate. A 100 ml suspension of each isolate (OD 600 0.8) was inoculated into three identical test tubes containing 10 ml test medium as mentioned above. Two further test tubes without potassium nitrate were used as controls. The tubes were sealed with liquid paraffin to exclude air, incubated anaerobically at 30 u C and observed for the appearance of gas bubbles. All the isolates that produced gas bubbles were denitrifying bacteria. The interval time from inoculation to the production of gas bubbles and the rate of gas bubble production reflected the denitrifying activity of the novel strains. By this means, a group of five strains was determined to represent denitrifying bacteria. The aim of this study was to determine the taxonomic position of these strains using a polyphasic taxonomic approach.
The methods used for phenotypic characterization were as previously described (Mata et al., 2002; Prado et al., 1991; Quesada et al., 1983; Ventosa et al., 1982) . After growth on MH agar at 30 u C for 2 days, cell morphology was examined by transmission electron microscopy (TEM). Cells used for TEM were negatively stained with 2 % (w/v) uranyl acetate ethanol solution. Salt concentrations required for growth were tested in MH liquid media with sea salt concentrations varying from 0 to 30 % (w/v) (pH 8.0, 30 u C). The pH and temperature requirements for growth were determined in MH medium by adjusting the pH to between 4.0 and 12.0 (30 uC, 7.5 % sea salts) and by incubation at 4-50 uC (pH 8.0, 7.5 % sea salts). All the features required by the recommended minimal standards for the description of new taxa of the family Halomonadaceae (Arahal et al., 2007) were tested along with some additional items.
Whole-cell fatty acids of strain XK1 T were analysed as described by Komagata & Suzuki (1987) . After cells had been grown in MH liquid medium (pH 8.0) at 30 u C for 2 days, cellular fatty acid methyl esters were prepared and analysed using GC/MS according to the instructions of the Microbial Identification System. The relative amount of each fatty acid was expressed as a percentage of the total fatty acids.
Genomic DNA was extracted and purified according to the method of Marmur (1961) . The DNA G+C content was determined by using the thermal denaturation method (Marmur & Doty, 1962) .
The 16S rRNA genes were amplified with universal bacterial primers corresponding to Escherichia coli positions 8F (59-AGAGTTTGATCCTGGCTCAG) and 1479R (59-TACGGTTACCTTGTTACGACTT). The sequences obtained for strains XK1 T , XK2, XK3, XK4 and XK5 were compared online with other publicly available 16S rRNA gene sequences deposited in GenBank by using the BLAST program and were aligned with those of the type strains of all recognized species within the genus Halomonas and the family Halomonadaceae by using the MEGA 3.1 software package (Kumar et al., 2004) . Phylogenetic trees of the whole family Halomonadaceae and the whole genus Halomonas were constructed using the neighbour-joining method and were re-evaluated with a bootstrap test based on 1000 replications.
BOX-PCR genomic fingerprinting was performed with the BOX primer (Versalovic et al., 1994) . The PCR conditions were as described previously by Rademaker & de Bruijn (1997) . The first lane was loaded with 4 ml of a molecular size marker (200-4500 bp ladder).
DNA-DNA hybridizations were conducted according to the renaturation rate method of De Ley et al. (1970) , Huß et al. (1983) and Escara & Hutton (1980) on a LabTech UV 1000/1100 spectrophotometer equipped with a model DSY-1-2 thermostat and a model AA 89 thermocirculator.
The five novel strains were strictly halophilic, being unable to grow in the absence of sea salts. They were characterized by their strong denitrifying activity. Phenotypic characteristics common to all five strains are given in the species description; differential phenotypic characteristics between the five strains are available as Supplementary Table S1 in IJSEM Online. Supplementary Fig. S1 shows the cell morphology and size of cells of strain XK1
T , which were rod-shaped (0.8-1.061.3-1.7 mm) and without flagella.
The characteristics that distinguished the novel strains from other related species of the genus Halomonas are given in Table 1 . Many differences were found between the novel strains and the most closely related species, H. ventosae, particularly in acid production and the ability to utilize amino acids. H. ventosae does not produce acid from sugars and does not utilize amino acids, but it produces exopolysaccharides and poly-b-hydroxyalkanoate, whereas the novel strains could produce acid from Dfructose and D-glucose and utilized many amino acids, but were unable to produce exopolysaccharides and poly-bhydroxyalkanoate.
Of all the 125 phenotypic characteristics tested, only 10 were different between the five novel isolates (see Supplementary Table S1 ).
Nearly complete 16S rRNA gene sequences were determined for the five novel isolates (1517 bp for XK1 T and (Dobson & Franzmann, 1996) .
A phylogenetic tree which included strain XK1 T and the species of the genus Halomonas was constructed using the neighbour-joining method (Fig. 1 ). An extended phylogenetic tree showing the position of strain XK1
T with respect to the type strains of most species of the family Halomonadaceae is available as Supplementary Figure S2 in IJSEM Online.
The five novel isolates formed an independent phylogenetic branch in all phylogenetic trees and they showed 99.7-100 % 16S rRNA gene sequence similarities with each other. The highest gene sequence similarities were found with H. ventosae Al12 T , Halomonas alimentaria YKJ-16 T and Halomonas shengliensis SL014B-85 T with 95.6 %, 95.5 % and 95.2 % similarities, respectively, by MEGA 3.1 analysis. The results of direct comparisons with GenBank were even lower, ¡94 %. The sequence similarities of the novel isolates to other recognized species were ¡95.0 %, which was far below the 97.0 % threshold generally held for the differentiation of separate species (Stackebrandt & Goebel, 1994) . The low 16S rRNA gene sequence similarities to other species of the genus Halomonas indicated that the five isolates represented a novel species within this genus.
The whole-cell fatty acid profiles of strain XK1
T and related type strains are presented in Table 2 . Compared with the reference strains, strain XK1
T contained only six fatty acids. The predominant fatty acids found in strain XK1
T were C 18 : 1 v8t (45.1 %) and C 18 : 1 v7t (11.5 %), neither of which were present in the other reference strains. In addition, strain XK1
T did not contain C 18 : 1 v7c or C 19 : 0 cyclov8c which were present in all of the reference strains as the predominant fatty acids. These large variations indicated that strain XK1
T was very different from the other species of the genus Halomonas. The major fatty acids were C 18 : 1 v8t, C 16 : 0 and C 18 : 1 v7t.
The DNA G+C contents of strains XK1
T , XK2, XK3, XK4 and XK5 were between 65.1 and 65.7 mol%, values which were within the typical range of G+C contents for species of the genus Halomonas (52-68 mol%) (Arahal et al., 2002) , but were different from the related species H. ventosae (74.3 mol%), H. alimentaria (63.0 mol%) and H. shengliensis (66.6 mol%). This result supported the placement of the five novel strains in the genus Halomonas.
BOX-PCR is one of the DNA typing methods that can reflect the genomic diversity of different bacterial strains and is in close agreement with DNA-DNA relatedness values and it can be used as a genomic screening method to group novel isolates (Nick et al., 1999; Rademaker et al., 2000) . The five novel isolates showed an identical BOX-PCR fingerprint, indicating their high genomic similarity and supporting their classification as members of the same species (see Supplementary Fig. S3 in IJSEM Online).
DNA-DNA relatedness values between strain XK1
T and the other four isolates were 98.7 % (XK2), 95.0 % (XK3), 95.4 % (XK4) and 99.2 % (XK5), respectively, which were far above the 70 % threshold value for the delineation of the same species (Stackebrandt & Goebel, 1994) . Combining these values with the BOX-PCR results, it can be reasonably concluded that these five isolates belong to the same species.
On the basis of phenotypic and genotypic data, strains XK1 T , XK2, XK3, XK4 and XK5 represent a novel species within the genus Halomonas, for which the name Halomonas korlensis sp. nov. is proposed.
Description of Halomonas korlensis sp. nov.
Halomonas korlensis (kor.len9sis. N.L. fem. adj. korlensis pertaining to Korla, in north-western China, where the type strain was isolated).
Cells are Gram-negative, non-motile and non-spore-forming rods or short rods and 0.8-1.061.3-1.7 mm. No flagella are observed (see Supplementary Fig. S1 ). Does not accumulate poly-b-hydroxyalkanoate and does not produce exopolysaccharides. On MH agar, produces circular, convex and orange-coloured colonies. Moderately halophilic, capable of growing in salt concentrations of 0.5-25 % (w/v); no growth occurs in the absence of NaCl. Grows within the temperature range of 4-43 u C and at pH values between 6.0 and 10.0. Optimum growth occurs at 6.0-10.0 % total salts, 30 u C and pH 8.5-9.0. Chemo-organotrophic. Metabolism is respiratory, with oxygen, nitrate or nitrite as terminal electron acceptors. Gas is produced anaerobically from nitrate. Nitrate can be reduced to nitrite aerobically. Cells do not grow anaerobically in the presence of fumarate. Oxidase, catalase and urease are produced, but not o-nitrophenyl b-Dgalactopyranosidase, phenylalanine deaminase, lysine decarboxylase or ornithine decarboxylase. 
